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What	
  if	
  you	
  want	
  to	
  find	
  all	
  instances	
  
of	
  some	
  phenomenon?	
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What	
  if	
  you	
  want	
  to	
  find	
  all	
  instances	
  
of	
  some	
  (Earth	
  Science)	
  phenomenon?	
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Searching	
  the	
  Metadata	
  

Data	
  center	
  catalogs	
  generally	
  support	
  searches	
  on	
  metadata	
  
(where,	
  when,	
  which	
  instrument)	
  rather	
  than	
  on	
  data	
  
(temperature,	
  wind,	
  …).	
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The	
  Usual	
  Process	
  
(1)	
  Download	
  the	
  relevant	
  data	
  collecXon	
  

(3)	
  Loop	
  over	
  all	
  Xme	
  slices	
  –	
  accumulate	
  

(2)	
  Write	
  script	
  that	
  searches	
  single	
  Xme	
  slice	
  

(1c)	
  Procure	
  more	
  disk;	
  upgrade	
  network;	
  wait	
  

(1b)	
  And	
  wait	
  …	
  

(3b)	
  And	
  wait	
  …	
  

(2b)	
  Don’t	
  share	
  script	
  with	
  others	
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Automated	
  Event	
  Service	
  
•  Enable	
  systema<c	
  idenXficaXon	
  of	
  inves<gator-­‐defined	
  Earth	
  

science	
  events	
  from	
  reanalysis	
  and	
  satellite	
  data.	
  
–  Addresses	
  	
  significant	
  porXon	
  of	
  ES	
  research;	
  
–  Reduces	
  duplicaXon	
  of	
  effort	
  among	
  research	
  teams;	
  
–  Improves	
  ROI	
  for	
  NASA	
  data	
  and	
  compute	
  resources.	
  

•  Promote	
  affinity	
  between	
  compuXng	
  and	
  data	
  resources	
  
– Move	
  the	
  computaXon	
  not	
  the	
  data.	
  

•  Improve	
  interacXve	
  data	
  exploraXon	
  and	
  analysis.	
  

24th	
  century	
  
technology	
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•  Custom	
  user-­‐defined	
  operators	
  (UDOs)	
  
–  E.g.,	
  Connected	
  Component	
  Labeling	
  (CCL)	
  

•  Event	
  SpecificaXon	
  Language	
  (ESL)	
  
–  	
  Allowing	
  scienXsts	
  to	
  express	
  their	
  using	
  Python	
  rather	
  than	
  low-­‐level	
  SQL.	
  

•  CollaboraXon	
  via	
  the	
  CollaboraXve	
  Workbench	
  (CWB).	
  
–  Event	
  definiXons	
  and	
  search	
  results	
  can	
  be	
  shared	
  and	
  modified.	
  

•  Scalable	
  parallel	
  performance.	
  	
  
•  Web	
  service	
  

–  Allows	
  AES	
  to	
  be	
  embedded	
  within	
  other	
  applicaXons.	
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AES	
  Major	
  Features	
  



Big	
  Data	
  Technology:	
  	
  SciDB	
  
An	
  all-­‐in-­‐one	
  data	
  management	
  and	
  advanced	
  analy+cs	
  pla/orm:	
  

–  Complex	
  analyXcs	
  inside	
  a	
  next-­‐generaXon	
  parallel	
  array	
  database,	
  
•  i.e.	
  not	
  row-­‐based	
  or	
  column-­‐based	
  like	
  RDBMS’s	
  based	
  on	
  table	
  data	
  model	
  
•  Array	
  FuncXonal	
  Language	
  (AFL)	
  
•  Array	
  Query	
  Language	
  (AQL)	
  

–  Based	
  on	
  the	
  “shared	
  nothing	
  architecture”	
  for	
  data	
  parallelism,	
  
–  Data	
  versioning	
  and	
  provenance	
  to	
  support	
  science	
  applicaXons,	
  and	
  
–  Open	
  source	
  (currently	
  in	
  beta).	
  

	
  
	
  
Faster	
  than	
  Hadoop	
  (MapReduce)	
  	
  	
  
2-­‐10x	
  in	
  most	
  benchmarks	
  that	
  we	
  have	
  performed.	
  

Data	
  Mining?	
   Data	
  AnalyXcs?	
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Connected	
  Component	
  Labeling	
  

a. Filtered 
data (Mask) 

b. CCLs for 4-
connectivity 

c. CCLs for 8-
connectivity 

Point-­‐wise	
  query	
  computes	
  a	
  mask	
  for	
  locaXons	
  
which	
  saXsfy	
  phenomenon	
  criteria	
  

Pixels	
  that	
  are	
  connected	
  
in	
  space	
  and/or	
  Xme	
  are	
  
associated	
  with	
  same	
  
event.	
  

AddiXonal	
  filters	
  can	
  prune	
  events	
  below	
  a	
  
certain	
  size	
  or	
  duraXon.	
  

AES	
  supports	
  CCL	
  in	
  up	
  
to	
  4	
  dimensions.	
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Characterizing	
  Events	
  

Event	
  staXsXcs	
  such	
  as	
  
histograms	
  and	
  PCA	
  can	
  be	
  

generated	
  from	
  such	
  
properXes	
  

AES	
  annotates	
  events	
  with	
  user-­‐specified	
  per-­‐event	
  
properXes	
  such	
  as:	
  Area,	
  Volume,	
  DuraXon,	
  centroid,	
  
min	
  temperature,	
  max	
  wind,	
  etc.	
  

AES	
  generates	
  (lat,lon,Xme)	
  tables	
  that	
  can	
  be	
  used	
  
to	
  access	
  relevant	
  observaXons	
  (e.g.	
  via	
  ECHO)	
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Somali	
  Jet	
  –	
  MERRA	
  Results	
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AIST14:	
  DERECHOs	
  

Hierarchical	
  Triangular	
  Mesh	
  (HTM)	
  

(1)	
  Improved	
  support	
  for	
  swath	
  and	
  point	
  data:	
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AIST14:	
  DERECHOs	
  
(2)	
  Nonlinear	
  dimensional	
  reducXon	
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AIST14:	
  DERECHOs	
  
(3)	
  Moving	
  objects:	
  
Enables	
  reasoning	
  about	
  
conXnuity	
  between	
  snapshots	
  
in	
  Xme.	
  

•  Where/when	
  did	
  hurricane	
  make	
  landfall?	
  
•  Which	
  instruments	
  could	
  see	
  this	
  event?	
  
•  ???	
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Thank	
  you!	
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Extra	
  material	
  

Feb.	
  18,	
  2015	
   IS&T	
  NASA	
  GSFC	
  



Associated	
  Projects	
  

•  PROBE	
  -­‐	
  	
  Process	
  Based	
  DiagnosXcs	
  (PBDs)	
  
–  Enable	
  comparison	
  of	
  event	
  staXsXcs	
  between	
  climate	
  
models,	
  reanalyses,	
  and	
  observaXonal	
  data.	
  

–  Aid	
  in	
  idenXficaXon	
  of	
  physical	
  process	
  responsible	
  for	
  
divergence.	
  

Cyclog
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Associated	
  Projects	
  

•  AES	
  in	
  the	
  cloud	
  
– Explore	
  feasibility	
  of	
  using	
  cloud-­‐based	
  compuXng	
  
and	
  storage	
  for	
  AES	
  deployment	
  

•  Advantages:	
  
– Allows	
  for	
  bursty/intermiqent	
  requirements	
  
– Enable	
  access	
  to	
  external	
  researchers	
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Somali	
  Jet	
  –	
  SSM/I	
  Results	
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